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(57)Abstract: 

PROBLEM TO BE SOLVED: To significantly decrease the center line average surface roughness Ra of a magnetic disk substrate 
after the substrate is precisely polished, by increasing the Young's modulus of a crystallized glass for a magnetic disk substrate. 
SOLUTION: The main crystal phase of the crystallized glass is an enstatite phase while the sub crystal phase is a magnesium 
aluminum titanate phase. When the peak intensity I(MS) of the enstatite phase measured by an X-ray diffraction method is 100, 
the peak intensity I(MAT) of the magnesium aluminum titanate phase is between >35 (preferably >40) and <70 (especially 
preferably <65). The Young's modulus of the glass is 120 to 155 GPa. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Glass ceramics for magnetic-disk substrates characterized by being crystallization glass for magnetic-disk substrates, 
the main crystal phase of these glass ceramics for magnetic-disk substrates being an enstatite phase, a subcrystal phase being a 
magnesium aluminum titanate phase, peak intensity I (MAT) of the magnesium aluminum titanate phase when setting to 100 peak 
intensity [ of the enstatite phase for which it asked with the X-ray diffraction method ] I (MS) being 35 or more and 70 or less, and 
Young's modulus being 120-155GPa. 

[Claim 2] Glass ceramics for magnetic-disk substrates according to claim 1 characterized by peak intensity I (MAT) of the 
magnesium aluminum titanate phase when setting to 100 peak intensity [ of the enstatite phase for which it asked with the X-ray 
diffraction method ] I (MS) being 40 or more and 65 or less. 

[Claim 3] Glass ceramics for magnetic-disk substrates according to claim 1 or 2 characterized by the particle size of the crystal 
grain child of said glass ceramics being 0.01 micrometers - 0.1 micrometer. 

[Claim 4] Glass ceramics for magnetic-disk substrates given in any one claim of claim 1-3 characterized by center line average 
surface roughness Ra after precision polish processing being 1-6A. 

[Claim 5] The basic presentation of said glass ceramics for magnetic-disk substrates is Si02. : 44 - 52 % of the weight MgO: 16-25 
% of the weight, aluminum 203 : 13 - 20 % of the weight, Ti02 : 10 - 15 % of the weight, ZnO: 1- 8 % of the weight Zr02 : 0 - 5 % of 
the weight Li2 0:0-3 % of the weight B-2 02 : 0 - 3 % of the weight, P2 05 : 0 - 5 % of the weight and Sb 203 : Glass ceramics 
for magnetic-disk substrates given in any one claim of claim 1-4 characterized by being 0 - 2 % of the weight. 

[Claim 6] Said basic presentation of said glass ceramics for magnetic-disk substrates 2:46 - 50 % of the weight of SiO(s), MgO: 18- 
22 % of the weight, aluminum 203 : 16 - 19 % of the weight Ti02 : 11 - 13 % of the weight, ZnO: 2-5%, Zr02 : 0 - 4 % of the weight, 
Li2 O:0-2%, B-2 02 : 0 - 2 % of the weight. P2 05 : 0 - 3 % of the weight, Sb 203 : Glass ceramics for magnetic-disk substrates 
according to claim 5 characterized by being 0.2 - 1.5 % of the weight. 

[Claim 7] The magnetic-disk substrate characterized by becoming any one claim of claims 1-6 from the crystallization glass for 
magnetic-disk substrates of a publication. 

[Claim 8] The magnetic disk characterized by having the substrate film currently formed on the magnetic-disk substrate according 
to claim 7 and said magnetic-disk substrate, and a metal magnetic layer on this substrate film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic-disk substrate and magnetic disk which used the crystallization glass 

for magnetic-disk substrates, and this. 

[0002] 

[Description of the Prior Art] Recently, the crystallization glass magnetic-disk substrate is examined. In glass ceramics, since most 
alkali-metal ion to contain exists in a crystal phase and only a minute amount exists in a glass matrix, the problem of an alkali- 
metal component being eluted and corroding a magnetic film is not produced. 

[0003] A request that he wants to record the information especially on large capacity, such as image information, in a still smaller 
magnetic disk becomes strong with progress of multimedia-izing, and much more improvement in the recording density in a 
magnetic disk has come to be called for. In this result, especially the read/write zone of a magnetic disk, reducing center line 
average surface roughness (Ra) to a field 10A or less is called for. 

[0004] However, in the case of glass ceramics, the degree of hardness of a crystal phase and an amorphous phase is different. For 

this reason, minute irregularity will occur unescapable between a crystal phase and an amorphous phase after polishing processing. 

Consequently, it was difficult to hold down the center line average surface roughness of a processing side to 10A or less. 

[0005] It sets to JP.9-208260,A and is specific Li2 0-aluminum2 03-Si02 of a specific presentation. Center line average surface 

roughness Ra has tried the substrate which is 2 - 10A with the method of profit by using the magnetic-disk substrate which 

consists of crystallization glass of a system, and carrying out precision polish of this. 

[0006] 

[Problem(s) to be Solved by the Invention] However, Ra of a magnetic-disk substrate is calculated for the thing of a level (8A or 
less and 6 moreA or less) recently. 

[0007] Moreover, in order to aim at improvement for the R/W rate of a magnetic disk, it is called for that current raises the 
rotational frequency which is 7200rpm to 10000-14000rpm. However, when a magnetic disk rotates at high speed, the phenomenon 
called the so-called flutter ring (field blurring) arises. If rotational speed becomes large, the magnitude of a flutter ring will increase 
remarkably. 

[0008] the theoretical formula about the flutter ring when rotating a disk like a magnetic disk at high speed — various ****s — it is 
not established. However, for example, since [ the magnitude of a flutter ring ] it is in inverse proportion to Young's modulus E of 
the ingredient which is proportional to the square of a rotational frequency and constitutes a disk, it needs to enlarge E. Moreover, 
considering the calorific value of the motor at the time of high-speed rotation, the specific gravity rho of the ingredient of a disk is 
said for a small ingredient to be desirable. For this reason, if the rotational frequency of a magnetic disk will accelerate from now 
on, in order to correspond to this, an ingredient with large E/rho is indispensable. 

[0009] When the central value of E/rho of each ingredient is shown, it is Li2 0-Si02-aluminum 203 to aluminum being 27 and 
chemically strengthened glass being 34. System glass ceramics are 37 and are understood that the glass ceramics of this system 
are advantageous. However, since it corresponds to improvement in the speed of a future rotational speed, the much more big glass 
ceramics for magnetic-disk substrates of Young's modulus are demanded. 

[0010] The technical problem of this invention is being able to be made to make small center line average surface roughness Ra 
after making high Young's modulus of the crystallization glass for magnetic-disk substrates and carrying out precision polish 
processing of the magnetic-disk substrate notably. 
[0011] 

[Means for Solving the Problem] This invention is the glass ceramics for magnetic-disk substrates, and the main crystal phase of 
this glass is an enstatite phase, a subcrystal phase is a magnesium aluminum titanate phase (it may be called a MAT phase), peak 
intensity I (MAT) of the magnesium aluminum titanate phase when setting to 100 peak intensity [ of the enstatite phase for which it 
asked with the X-ray diffraction method ] I (MS) is 35 or more and 70 or less, and it is characterized by Young's modulus being 
120-155GPa (especially preferably 125-150 GPa). 

[0012] Moreover, this invention is characterized by being the magnetic-disk substrate which consists of the aforementioned glass. 
[0013] Moreover, the magnetic disk concerning this invention is characterized by having the aforementioned magnetic-disk 
substrate, the substrate film currently formed on it. and a metal magnetic layer on this substrate film. 

[0014] As for the rate of crystallization of glass ceramics, considering as 70% or more is desirable. In addition, it says that the peak 
intensity of an en soot tight phase is largest in an X-ray diffraction method that an enstatite phase is the main crystal phase in a 
crystal phase. 

[0015] this invention person is Si02-aluminum2 03~Mg0-Ti02 at the process, although various kinds of quality of the materials 
were examined. It is system glass ceramics and succeeded in a magnesium aluminum titanate phase producing what deposits by the 
specific ratio as a subcrystal phase in what the main crystal phase becomes from an enstatite phase. The glass ceramics which 
have such crystal system are not known conventionally. 

[0016] It is necessary to make into 35 or more and 70 or less peak intensity I (MAT) of the magnesium aluminum titanate phase 
when specifically setting to 100 peak intensity [ of the enstatite phase for which it asked with the X-ray diffraction method ] I (MS). 
The crystal in glass ceramics makes it detailed, after precision polish processing, when the smooth side whose Ra is 1 - 6A is 
acquired. Young's modulus E also becomes high and the thing of 120 or more GPas is obtained by this. 




[0017] By making I (MAT) or more into 35 (40 or more [ Especially preferably ]), particle size of a crystal can be made still smaller 
and Ra after precision polish processing can be made still smaller. By making I (MAT) or less into 70 (65 or less [ Especially 
preferably ]), the Young's modulus of glass ceramics becomes still larger. 

[0018] With the X-ray diffraction method, identification of the crystakphase of the glass ceramics of this invention might look at 
SiO (Mg, aluminum)3 (MAS 1 ) andjZnAI 204 . (Ghana Ito) v otKeV^th^i^rj enstatite phase and a MAT phase. (Mg. aluminum) When I 
(MS) is set to 100, as for the peak intensity of each crystal phase of Si03 (MAS1) and ZnAI 204 (Ghana Ito). it is desirable that it 
is 70 or less. 

[0019] In addition, when Mg2 aluminum4 Si5 018 (a cordierite phase, indialite), Ti02 (rutile phase), and MgOAI2 03 Si02 (MAS2) 
exist, there is an inclination for the surface roughness after precision polish to deteriorate. Therefore, an enstatite phase, a MAT 
phase. SiO(Mg. aluminum) 3 (MAS1). and ZnAI 204 When I (MS) is set to 100. as for the peak intensity of each crystal phase of an 
except (Ghana Ito), it is desirable that it is 20 or less. 

[0020] I (MS) is obtained from the diffraction reinforcement of the peak of an enstatite phase (-0768: chemical formula MgO- 
Si02 :JCPDS No. 19 whenever [ angle-of-diffraction ] 2 theta= 31.1 degrees). I (MAT) is obtained from the diffraction 
reinforcement of a 2theta=25.9 degree peak whenever [ angle-of-diffraction ]. In this invention, a magnesium aluminum titanate 
phase is the generic name of each crystal phase of MgAI2 TiO 301 1 and Mg2 aluminum6 Ti 7025. The JCPDS card number of each 
of these crystal phases is shown in Table 1. Whenever [ angle-of-diffraction / of each / these / crystal phase ], 2theta becomes 
25.9 degrees or 26.1 degrees, and cannot be distinguished on an X diffraction graph. 

[0021] In addition, in the patent No. 2648673 official report, the high refractoriness glass ceramics which make enstatite the main 
crystal phase are indicated. However, since the dissolution conditions currently indicated here are 16 hours and an elevated 
temperature at 1650 degrees C, the dissolution approach of common optical glass of using platinum for the wall of a crucible cannot 
be used for them. Consequently, after the stria in crystallization glass not disappearing but grinding a magnetic-disk substrate, it is 
easy to make the surface discontinuity (convex) which rose. Although the main crystal phase of this glass is an enstatite phase, 
other crystal phases are beta-spodumene solid solution, Ba osumilite. celsian, anorthite, a cristobalite, and a strontium feldspar. 
[0022] In JP,7-53238,A, the transparent glass ceramics which make the enstatite phase whose melting temperature is 1550-1600 
degrees C the main crystal phase are indicated. Since [ same with the patent No. 2648673 official report ] the glass ceramics 
currently indicated by this patent have the high melting temperature, after crystallization glass without a stria is not obtained, 
consequently they grind a magnetic-disk substrate, they tend to make the surface discontinuity (convex) which rose. Moreover, 
although the main crystal phase is an enstatite phase, the zirconia crystal phase of a minute amount exists in others. 
[0023] Moreover, in JP,64-52632,A. the glass ceramics which deposit the enstatite phase which can be dissolved at 1400-1500 
degrees C are indicated. However, with this crystallization glass, existence of a rutile phase is indicated with the enstatite phase. If 
a rutile phase exists, since the surface roughness after precision polish will worsen, it is not clearly suitable for a magnetic-disk 
substrate application from the above-mentioned reason. According to the place which this invention person discovered as a result 
of original research, it is Si02-aluminum2 03-MgO-Ti02. If alkaline earths other than MgO are contained in system glass ceramics, 
it turns out that a rutile phase becomes easy to deposit in addition to an enstatite phase. By JP.64-52632.A, since CaO is 
contained as an indispensable component, it is thought that the rutile phase deposits. The crystal phase of others is the Ghana Ito 
phase. 

[0024] In JP.4-21543A the glass ceramics 127x10-7 / more than k are indicated for the coefficient of thermal expansion which 
can be dissolved at 1400 degrees C - 1500 degrees C. Existence of an enstatite phase and a MAT phase is mentioned in this 
crystal phase. However, with this patent reference, an enstatite phase is not the main crystal phase but Si02. Since a phase is the 
main crystal phase, a detailed crystal cannot be obtained but the surface roughness after precision polish becomes large. 
[0025] R. C.de VeKey And "Glass Technology" Vol.15 of A.J.Majumdar, No.3 At the June. 1974 issue, it will be CaO-aluminum2 03- 
MgO-Si02-Ti02. By the presentation of a system, evaluation with a presentation and the material property of glass ceramics is 
performed. However, since CaO is included, all of these examples are Ti02. The phase deposits. A rutile phase is not desirable in 
order to degrade the surface roughness of a precision polish object. 

[0026] Said glass ceramics of this invention can be manufactured by the following approaches. That is, a basic presentation is Si02. 
: 44 - 52 % of the weight, MgO:16-25 % of the weight, aluminum 203 : 13 - 20 % of the weight, Ti02 : 10 - 15 % of the weight, ZnO: 
1-8 % of the weight, Zr02 : 0 - 5 % of the weight. U2 O:0-3 % of the weight. B-2 02 : 0 - 3 % of the weight, P2 05 : 0 - 5 % of the 
weight, and Sb 203 : 0 - 2% of the weight of parent glass is prepared. 

[0027] If this parent glass is preferably crystallized at 925 degrees C - 1075 degrees C for 2 to 6 hours, the glass ceramics which 
make an enstatite phase the main crystal phase will be obtained. After etching glass [ finishing / crystallization ] by HF, when it 
observed under the scan mold microscope, it discovered that the crystal of enstatite existed in the magnitude of 0.01 to 0.1 
micrometers. 

[0028] The diameter of crystal grain decreases notably from 0.01 micrometers to 0.08 micrometers by not making it crystallize, 
after carrying out nucleation at the glass-transition-temperature Tg+20-Tg+50 degree C temperature currently generally especially 
performed by glass ceramics, but crystallizing, after carrying out nucleation in glass-transition-temperature Tg-30-Tg**0 degree C. 

[0029] If precision polish of the glass ceramics [ finishing / this crystallization ] is carried out, the precision polish object with which 
Ra has especially 8A or less of smooth sides which are 1-6A will be acquired. This is considered to be because for the layer of the 
glass with which between crystals is filled to be [ that the diameter of crystal grain is detailed, that degree of crystal linity is large, 
and ] thin. 

[0030] Mg2 aluminum4 Si 5018 (a cordierite phase, indialite) will come to be accepted if crystallization temperature becomes 1100 
degrees C or more. Moreover, MgOAJ203 Si02 (MAS2) will come to be accepted if crystallization temperature becomes 900 
degrees C or less. Therefore, especially crystallization temperature has desirable 925-1075 degrees C. 

[0031] If TI02 (rutile phase) makes parent glass contain calcium, Sr, and Ba, it comes to deposit. The effectiveness of especially 
calcium is remarkable. Therefore, especially the thing that is not made to contain alkaline earth metal other than Mg is desirable. 
[0032] Below, the chemical formula of each crystal phase, a name, a JCPDS card number, and an abbreviated name are shown. 
[0033] 
[Table 1] 
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[0034] The ratio of each component in parent glass is described. Si02 Especially the thing of an amount that it considers as 44 % of 
the weight or more, and is considered as 46 % of the weight or more is desirable. By this, the particle after crystallization makes it 
detailed. Moreover, Si02 By considering as 52 or less (especially preferably 50 or less % of the weight) % of the weight, the melting 
temperature of parent glass can be reduced and devitrification of parent glass cannot take place easily, either. 
[0035] By making the amount of MgO into 16 % of the weight or more (especially preferably 18 % of the weight or more), an 
enstatite phase is obtained and the melting temperature of parent glass can be reduced. By making the amount of MgO into 25 or 
less (especially preferably 22 or less % of the weight) % of the weight, the melting temperature of glass can be reduced and 
devitrification of parent glass can be prevented. 

[0036] aluminum 203 The melting temperature of glass can be reduced by making an amount into 13 % of the weight or more 
(especially preferably 1 6 % of the weight or more), aluminum 203 By making an amount into 20 or less (especially preferably 1 9 or 
less % of the weight) % of the weight, an enstatite phase is obtained and the melting temperature of parent glass can be reduced. 
[0037] Ti02 It becomes easy to make the particle after a crystal detailed by making an amount into 10 % of the weight or more 
(especially preferably 1 1 % of the weight or more). Ti02 Devitrification of parent glass can be prevented by making an amount into 
15 or less (especially preferably 13 or less % of the weight) % of the weight. 

[0038] By making the amount of ZnO into a 1-% of the weight top (especially preferably 2 % of the weight or more), the melting 
temperature of parent glass becomes high. By making the amount of ZnO into 8 or less (especially preferably 5 or less % of the 
weight) % of the weight, devitrification of parent glass can be prevented and Vickers hardness can be made high. 
[0039] Next, the arbitration component in parent glass is described. Zr02 The viscosity of glass can be adjusted by adding. Zr02 
Especially the thing of an amount that it considers as 5 or less % of the weight, and is considered as 4 or less % of the weight is 
desirable. It can prevent that the viscosity of parent glass increases too much by this. Zr02 When adding, it is desirable to make 
the amount into 0.5 % of the weight or more. 

[0040] The solubility of parent glass improves by adding Li2 O. By making the amount of U2 O into 3 or less (especially preferably 2 
or less % of the weight) % of the weight, the crystal grain child after crystallization makes it detailed. When adding Li2 O. it is 
desirable to make the amount into 0.1 % of the weight or more. 

[0041] B-2 03 The solubility of parent glass improves by adding. B-2 03 By making an amount into 3 or less (especially preferably 
2 or less % of the weight) % of the weight, the crystal grain child after crystallization makes it detailed. B-2 03 When adding, it is 
desirable to make the amount into 0.5 % of the weight or more. 

[0042] P2 05 The solubility of parent glass improves by adding. P2 OS By making an amount into 5 or less (especially preferably 3 
or less % of the weight) % of the weight, the crystal grain child after crystallization makes it detailed. P2 OS When adding, it is 
desirable to make the amount into 0.5 % of the weight or more. 

[0043] Sb 203 It acts as a defoaming agent of glass. Sb 203 An amount has effectiveness sufficient at 2 or less (especially 
preferably 0.2 to 1.5 % of the weight) % of the weight. 

[0044] In case parent glass is manufactured, each raw material containing each above-mentioned metal atom is mixed so that it 
may correspond to the above-mentioned weight ratio, and melting of this mixture is carried out. As this raw material, the oxide of 
each metal atom, a carbonate, a nitrate, a sulfate, and a hydroxide can be illustrated. Moreover, as an ambient atmosphere at the 
time of heat-treating parent glass and making it crystallize, an atmospheric-air ambient atmosphere, reducing atmosphere, a steam 
ambient atmosphere, a pressurization ambient atmosphere, etc. can be chosen. 

[0045] At the process which carries out precision polish processing of the material which consists of the above-mentioned glass 
ceramics with an abrasive grain, it grinds by the well-known precision polish processing approaches, such as the so-called wrapping 
and polishing, and a magnetic-disk substrate can be produced. Moreover, on the principal plane of the magnetic-disk substrate of 
this invention, a surface treatment layer, a magnetic film, a protective coat, etc. can be formed, and lubricant can be further applied 
on a protective coat. 
[0046] 

[Example] (Creation of parent glass) The compound containing each metal was mixed so that it might become the weight ratio of 
the various metallic oxides shown in Table 2, Table 3, and Table 4. It puts into the crucible made from platinum with a volume of 
200 cc, and at 1430 degrees C, 250g of this mixture was heat-treated for 6 hours, and it carried out melting. After reducing the 
temperature of a furnace at 1300 degrees C and holding it at 1300 degrees C for 1 hour, in the mold made from carbon, it is a sink 
and the melt of glass was fabricated. After annealing this at 700 degrees C for 1 hour, it cooled slowly and the disc-like Plastic 
solid of parent glass was acquired. 

[0047] From the Plastic solid of this parent glass, each tabular sample with 0.85mm [ in 0.85mm in 0.85mm in dimension / of 
15mm / x15mmx thickness and dimension / of 22mm / x22mmx thickness and dimension / of 5mm / x30mmx thickness ] and a 




dimension [ of 10mm ] x45mmx thickness of 1.2mm was started. In addition, each both sides of the tabular sample of thickness 0.85 
(mm) and a thickness 1.2(mm) tabular sample were finish-machined with the grinding stone of #400. 

[0048] (Measurement of glass transition temperature) From the tabular sample with a dimension [ of 5mm ] x30mmx thickness of 
0.85mm r the test sample with a die length of 20mm was started. With the coefficient-oMJiermal-expansion measuring device 
(product made from Max Science "TD5Q30"). the coe^cien^pf^therrTial expansion of a test sample was measured in the range with 
a room temperature of -900^ degrees ^6., In adciition^this thermodilatometer is equipped with the function which measurement stops 
automatically when glass surrenders. Temperature to which the thermal-expansion curve of glass deflects was made into glass 
transition temperature (Tg) to temperature. This value is shown in the table 2-table 4. 

[0049] (Manufacture of crystallization glass) Each tabular sample was crystallized in the condition of having inserted into the carbon 
plate with a thickness of 5mm in nitrogen-gas -atmosphere mind. To the nucleation temperature of 720 degrees C, the temperature 
up of the schedule of crystallization was carried out in 300 degrees C /in an hour, and it was held at 720 degrees C for 2 hours, 
carried out the temperature up in 300 degrees C /from 720 degrees C to 1000 degrees C in an hour, was held at 1015 degrees C 
for 4 hours, and was lowered in 200 degrees C /from 1015 degrees C to the room temperature in an hour. 
[0050] (Identification of a crystal phase, count of the percentage of each crystal phase) Using copper K alpha rays, X-ray 
diffractometer ("Geiger FREX" by Rigaku: tube voltage of 30kV, 20mA of tube electric currents) was used, and the crystal phase of 
the front face of the dimension 15mmx15mm tabular test sample which crystallization finished was identified. The scan include 
angte was performed at 2th eta=2theta= 15-40 degree at that time. Each detected crystal phase is shown in the table 2-table 4. 
[0051] Consequently, in 1-3, the enstatite phase (-0768: chemical formula MgO-Si02 :JCPDS No. 19 whenever [ angle-of- 
diffraction ] 2 theta= 31.1 degrees) all deposited as a main crystal from the experimental run number 1-1 of the example of a 
comparison besides 1-12 from the example 1-1 of this invention, and this invention, and the MAT phase (2theta=25.9 degree) 
deposited as a subcrystal. Peak intensity I (MAT) of the MAT phase when setting I (MS) to 100 is shown in each table. 
[0052] Moreover, the peak intensity is shown about MAS1, the Ghana Ito phase (Ga), and also other crystal phases. MAS1 is 
2theta=36.0 degree whenever [ angle-of-diffraction ], and the Ghana Ito phase is 2theta=36.8 degree whenever [ angie-of- 
diffraction ]. Other crystal phases were also measured according to the JCPDS card of Table 1. 

[0053] (Measurement of a coefficient of thermal expansion) The dimension 5mmx30mm sample which crystallization finished was 
cut, and the test portion with a die length of 20mm was created. With the coefficient-of-thermal-expansion measuring device 
(product made from a Mac science "TD5000S"). the coefficient of thermal expansion of a test sample was measured in -75 
degrees C - 110 degrees C. The coefficient of thermal expansion to 100 degrees C was calculated on the basis of 25 degrees C. 
This value is shown in the table 2-table 4. 

[0054] (Measurement of Ra in the smooth side after precision polish processing) Using the grinding stone of #700, precision grinding 
processing of the dimension 15mmx15mm tabular sample which identification of a crystal phase finished was carried out until the 
thickness of a sample was set to 0.645mm. Subsequently, using the double-sided polish board, using the high grade zirconium 
dioxide abrasive grain with a particle size of 0.3 micrometers, polish processing was carried out until the thickness of a sample was 
set to 0.635mm. Furthermore, using the colloidal silica abrasive grain with a particle size of 50A, the 2nd step of polish processings 
were performed and the precision polish object with a thickness of 0.635mm was acquired. 

[0055] The center line average surface roughness (Ra) of the front face of a precision polish object was measured in the tapping 
mode of an atomic force microscope (product made from PSI "M5") using the cantilever made from silicon (resonance frequency of 
300kHz). This value is shown in the table 2-table 4. 

[0056] (Microstructure observation) After etching each precision polish object for 10 minutes in a fluoric acid water solution 5%, the 
magnitude of a crystal was observed with the scanning electron microscope. The observed diameter of crystal grain is shown in the 
table 2-table 4. 

[0057] (Young's modulus measurement) Precision polish of the dimension 10mmx45mm tabular sample which crystallization finished 
was carried out in the same procedure as a dimension 15mmx15mm tabular sample. Then, after starting the dimension 4mmx40mm 
test portion and sticking the strain gage on this sample, the four-point bending test was performed on condition that bottom span 
30mm, upper span 10mm, and crosshead speed 0.5 mm/min, and Young's modulus was calculated from the relation between a load 
and a variation rate. 

(Measurement of specific gravity) Specific gravity was calculated from dimension 10mmx45mm the amount of water Nakashige and 
dry weight of a tabular sample which crystallization finished. 
[0058] 
[Table 2] 
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[0061] The X diffraction chart of the example 1-6 of this invention is shown, the X diffraction chart of the experimental run number 
1-12 in this invention is shown in drawing. 2 , and the X diffraction chart of the example 1-2 of a comparison is shown in drawing 1 
at drawing 3 . Also in other experiments, the same X diffraction chart as these has been obtained. 

[0062] Young's modulus is over 125GPa(s) in any example from the example 1-1 of this invention 1-12, and the example 1-2 of a 
comparison and 1-3. This is considered to be the effectiveness which is considering enstatite as the main crystal. 
[0063] Moreover, in the example 1-2 of a comparison. I (MAT) was 32, the diameter of crystal grain was about 0.3 micrometers, and 
the surface roughness after precision polish was 20A. It is Ti02 from this. If an amount increases and the peak intensity of a MAT 
phase becomes large, a crystal will make it detailed. In the example 1 -1 of this invention whose peak intensity of a MAT phase is 
45, the surface roughness after precision polish decreased notably to 4A. 

[0064] In 1-8 from an example 1-1,1 (MAT) is 44-65, the particle diameter of 0.02-0.08 micrometers is obtained, and the surface 
roughness after precision polish becomes 6A or less. 

[0065] The ceramic organization of the sample of the example 1-6 of this invention is shown in drawing 4 . A detailed particle is 
observed. 

[0066] It sets in the example 1-9 to 1-12. and is Li2 O, B-2 03, and P2 OS. Or Zr02 It is made to contain. Also in these examples 
the glass ceramics whose peak intensity of a MAT phase is 35-70 were obtained by each. As for the peak intensity of a MAT 
phase, 45-65 is much more desirable. 

[0067] In the example 1-1 of a comparison, although I (MAT) was 85, Young's modulus decreased to 115GPa(s) notably. 
[0068] In the example 1-3 of a comparison, since CaO was made to contain, I (MAT) was as small as 15, the crystal was big and 
rough, and the surface roughness after precision polish was 10A. The photograph of the ceramic organization of the sample of the 
example 1-3 of a comparison is shown in drawing 5 . A big and rough particle is observable. 

[0069] (Measurement of Vickers hardness) The micro Vickers hardness meter was used and pushed in about the sample after 
precision polish, and Vickers hardness was measured by ** 1kgf. Consequently, in the example 1-6 of this invention, it was 920 
was 960 in the example 1-7 of this invention, and was 770 in the example 1-1 of a comparison. 

[0070] (Measurement of specific gravity) In the example 1-4 of this invention, specific gravity was 3.1g/cc. Value E/rho which 

broke Young's modulus E by specific gravity rho was 44. 

[0071] 

[Effect of the Invention] As stated above, according to this invention, center line average surface roughness Ra after making high 
Young's modulus of the crystallization glass for magnetic-disk substrates and carrying out precision polish processing of the 
magnetic-disk substrate can be notably made small. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the magnetic-disk substrate and magnetic disk which used the crystallization glass 
for magnetic-disk substrates, and this. 
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PRIOR ART 



[Description of the Prior Art] Recently, the crystallization glass magnetic-disk substrate is examined. In glass ceramics, since most 
alkali-metal ion to contain exists in a crystal phase and only a minute amount exists in a glass matrix, the problem of an alkali- 
metal component being eluted and corroding a magnetic film is not produced. 

[0003] A request that he wants to record the information especially on large capacity, such as image information, in a still smaller 
magnetic disk becomes strong with progress of multimedia-izing. and much more improvement in the recording density in a 
magnetic disk has come to be called for. In this result, especially the read/write zone of a magnetic disk, reducing center line 
average surface roughness (Ra) to a field 10A or less is called for. 

[0004] However, in the case of glass ceramics, the degree of hardness of a crystal phase and an amorphous phase is different. For 
this reason, minute irregularity will occur unescapable between a crystal phase and an amorphous phase after polishing processing. 
Consequently, it was difficult to hold down the center line average surface roughness of a processing side to 10A or less. 
[0005] It sets to JP.9-208260.A and is specific Li2 0-aluminum2 03-Si02 of a specific presentation. Center line average surface 
roughness Ra has tried the substrate which is 2 - 10A with the method of profit by using the magnetic-disk substrate which 
consists of crystallization glass of a system, and carrying out precision polish of this. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, according to this invention, center line average surface roughness Ra after making high 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, Ra of a magnetic-disk substrate is calculated for the thing of a level (8A or 
less and 6 moreA or less) recently. 

[0007] Moreover, in order to aim at improvement for the R/W rate of a magnetic disk, it is called for that current raises the 
rotational frequency which is 7200rpm to 10000-14000rpm. However, when a magnetic disk rotates at high speed, the phenomenon 
called the so-called flutter ring (field blurring) arises. If rotational speed becomes large, the magnitude of a flutter ring will increase 
remarkably. 

[0008] the theoretical formula about the flutter ring when rotating a disk like a magnetic disk at high speed — various ****s — it is 
not established. However, for example, since [ the magnitude of a flutter ring ] it is in inverse proportion to Young's modulus E of 
the ingredient which is proportional to the square of a rotational frequency and constitutes a disk, it needs to enlarge E. Moreover, 
considering the calorific value of the motor at the time of high-speed rotation, the specific gravity rho of the ingredient of a disk is 
said for a small ingredient to be desirable. For this reason, if the rotational frequency of a magnetic disk will accelerate from now 
on, in order to correspond to this, an ingredient with large E/rho is indispensable. 

[0009] When the central value of E/rho of each ingredient is shown, it is Li2 0-Si02-aIuminum 203 to aluminum being 27 and 
chemically strengthened glass being 34. System glass ceramics are 37 and are understood that the glass ceramics of this system 
are advantageous. However, since it corresponds to improvement in the speed of a future rotational speed, the much more big glass 
ceramics for magnetic-disk substrates of Young's modulus are demanded. 

[0010] The technical problem of this invention is being able to be made to make small center line average surface roughness Ra 
after making high Young's modulus of the crystallization glass for magnetic-disk substrates and carrying out precision polish 
processing of the magnetic-disk substrate notably. 
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[Means for Solving the Problem] This invention is the glass ceramics for magnetic-disk substrates, and the main crystal phase of 
this glass is an enstatite phase, a subcrystal phase is a magnesium aluminum titanate phase (it may be called a MAT phase), peak 
intensity I (MAT) of the magnesium aluminum titanate phase when setting to 100 peak intensity [ of the enstatite phase for which it 
asked with the X-ray diffraction method ] I (MS) is 35 or more and 70 or less, and it is characterized by Young's modulus being 
120-155GPa (especially preferably 125-150 GPa). 

[0012] Moreover, this invention is characterized by being the magnetic-disk substrate which consists of the aforementioned glass. 
[0013] Moreover, the magnetic disk concerning this invention is characterized by having the aforementioned magnetic-disk 
substrate, the substrate film currently formed on it, and a metal magnetic layer on this substrate film. 

[0014] As for the rate of crystallization of glass ceramics, considering as 70% or more is desirable. In addition, it says that the peak 
intensity of an en soot tight phase is largest in an X-ray diffraction method that an enstatite phase is the main crystal phase in a 
crystal phase. 

[0015] this invention person is Si02-aluminum2 03~MgO-Ti02 at the process, although various kinds of quality of the materials 
were examined. It is system glass ceramics and succeeded in a magnesium aluminum titanate phase producing what deposits by the 
specific ratio as a subcrystal phase in what the main crystal phase becomes from an enstatite phase. The glass ceramics which 
have such crystal system are not known conventionally. 

[0016] It is necessary to make into 35 or more and 70 or less peak intensity I (MAT) of the magnesium aluminum titanate phase 
when specifically setting to 100 peak intensity [ of the enstatite phase for which it asked with the X-ray diffraction method ] I (MS). 
The crystal in glass ceramics makes it detailed, after precision polish processing, when the smooth side whose Ra is 1 - 6A is 
acquired, Young's modulus E also becomes high and the thing of 120 or more GPas is obtained by this. 

[0017] By making I (MAT) or more into 35 (40 or more [ Especially preferably ]), particle size of a crystal can be made still smaller 
and Ra after precision polish processing can be made still smaller. By making I (MAT) or less into 70 (65 or less [ Especially 
preferably ]), the Young's modulus of glass ceramics becomes still larger. 

[0018] With the X-ray diffraction method, identification of the crystal phase of the glass ceramics of this invention might look at 
SiO (Mg. aluminum)3 (MAS1) and ZnAI 204 (Ghana Ito) other than an enstatite phase and a MAT phase. (Mg. aluminum) When I 
(MS) is set to 100, as for the peak intensity of each crystal phase of Si03 (MAS1) and ZnAI 204 (Ghana Ito). it is desirable that it 
is 70 or less. 

[0019] In addition, when Mg2 aluminum4 Si5 018 (a cordierite phase, indialite), Ti02 (rutile phase), and MgOAI2 03 Si02 (MAS 2) 
exist, there is an inclination for the surface roughness after precision polish to deteriorate. Therefore, an enstatite phase, a MAT 
phase, SiO(Mg, aluminum) 3 (MAS1), and ZnAI 204 When I (MS) is set to 100, as for the peak intensity of each crystal phase of an 
except (Ghana Ito), it is desirable that it is 20 or less. 

[0020] I (MS) is obtained from the diffraction reinforcement of the peak of an enstatite phase (-0768: chemical formula MgO- 
Si02 :JCPDS No. 19 whenever [ angle-of-diffraction ] 2 theta= 31.1 degrees). I (MAT) is obtained from the diffraction 
reinforcement of a 2theta=25.9 degree peak whenever [ angle-of-diffraction ]. In this invention, a magnesium aluminum titanate 
phase is the generic name of each crystal phase of MgAI2 TiO 301 1 and Mg2 aluminum6 Ti 7025. The JCPDS card number of each 
of these crystal phases is shown in Table 1. Whenever [ angle-of-diffraction / of each / these / crystal phase ], 2theta becomes 
25.9 degrees or 26.1 degrees, and cannot be distinguished on an X diffraction graph. 

[0021] In addition, in the patent No. 2648673 official report, the high refractoriness glass ceramics which make enstatite the main 
crystal phase are indicated. However, since the dissolution conditions currently indicated here are 16 hours and an elevated 
temperature at 1650 degrees C, the dissolution approach of common optical glass of using platinum for the wall of a crucible cannot 
be used for them. Consequently, after the stria in crystallization glass not disappearing but grinding a magnetic-disk substrate, it is 
easy to make the surface discontinuity (convex) which rose. Although the main crystal phase of this glass is an enstatite phase, 
other crystal phases are beta-spodumene solid solution, Ba osumilite, celsian, anorthite, a cristobalite, and a strontium feldspar. 
[0022] In JP,7-53238,A, the transparent glass ceramics which make the enstatite phase whose melting temperature is 1550-1600 
degrees C the main crystal phase are indicated. Since [ same with the patent No. 2648673 official report ] the glass ceramics 
currently indicated by this patent have the high melting temperature, after crystallization glass without a stria is not obtained, 
consequently they grind a magnetic-disk substrate, they tend to make the surface discontinuity (convex) which rose. Moreover, 
although the main crystal phase is an enstatite phase, the zirconia crystal phase of a minute amount exists in others. 
[0023] Moreover, in JP.64-52632A, the glass ceramics which deposit the enstatite phase which can be dissolved at 1400-1500 
degrees C are indicated. However, with this crystallization glass, existence of a rutile phase is indicated with the enstatite phase. If 
a rutile phase exists, since the surface roughness after precision polish will worsen, it is not clearly suitable for a magnetic-disk 
substrate application from the above-mentioned reason. According to the place which this invention person discovered as a result 
of original research, it is Si02-aluminum2 03-MgO-Ti02. If alkaline earths other than MgO are contained in system glass ceramics, 
it turns out that a rutile phase becomes easy to deposit in addition to an enstatite phase. By JP.64-52632.A. since CaO is 
contained as an indispensable component, it is thought that the rutile phase deposits. The crystal phase of others is the Ghana Ito 
phase. 

[0024] In JP.4-21543.A. the glass ceramics 127x10-7 / more than k are indicated for the coefficient of thermal expansion which 
can be dissolved at 1400 degrees C - 1500 degrees C. Existence of an enstatite phase and a MAT phase is mentioned in this 
crystal phase. However, with this patent reference, an enstatite phase is not the main crystal phase but Si02. Since a phase is the 




MEANS 




main crystal phase, a detailed crystal cannot be obtained but the surface roughness after precision polish becomes large. 
[0025] R. C.de VeKey And "Glass Technology" Vol.15 of A.J.Majumdar. No.3 At the June, 1974 issue, it will be CaO-aluminum2 03- 
MgO-Si02-Ti02. By the presentation of a system, evaluation with a presentation and the material property of glass ceramics is 
performed. However, since CaO is included, atl of these examples are Ti02. The phase deposits. A rutile phase is not desirable in 
order to degrade the surface roughness of^a precis ipn^olish object. 

[0026] Said glass ceramics of this inventiontcan be manufactured by the following approaches. That is. a basic presentation is Si02. 
: 44 - 52 % of the weight. MgO:16-25 % of the weight, aluminum 203 : 13 - 20 % of the weight, Ti02 : 10 - 15 % of the weight. ZnO: 
1-8 % of the weight, Zr02 : 0 - 5 % of the weight. Li2 O:0-3 % of the weight, B-2 02 : 0 - 3 % of the weight. P2 OS : 0 - 5 % of the 
weight, and Sb 203 : 0 - 2% of the weight of parent glass is prepared. 

[0027] If this parent glass is preferably crystallized at 925 degrees C - 1075 degrees C for 2 to 6 hours, the glass ceramics which 
make an enstatite phase the main crystal phase will be obtained. After etching glass [ finishing / crystallization ] by HF, when it 
observed under the scan mold microscope, it discovered that the crystal of enstatite existed in the magnitude of 0.01 to 0.1 
micrometers. 

[0028] The diameter of crystal grain decreases notably from 0.01 micrometers to 0.08 micrometers by not making it crystallize, 
after carrying out nucleation at the glass-transition-temperature Tg+20-Tg+50 degree C temperature currently generally especially 
performed by glass ceramics, but crystallizing, after carrying out nucleation in glass-transition-temperature Tg-30~Tg**0 degree C. 

[0029] If precision polish of the glass ceramics [ finishing / this crystallization ] is carried out, the precision polish object with which 
Ra has especially 8A or less of smooth sides which are 1-6A will be acquired. This is considered to be because for the layer of the 
glass with which between crystals is filled to be [ that the diameter of crystal grain is detailed, that degree of crystallinity is large, 
and ] thin. 

[0030] Mg2 aluminum4 Si 5018 (a cordierite phase, indialite) will come to be accepted if crystallization temperature becomes 1100 
degrees C or more. Moreover. MgOAI203 Si02 (MAS2) will come to be accepted if crystallization temperature becomes 900 
degrees C or less. Therefore, especially crystallization temperature has desirable 925-1075 degrees C. 

[0031] If TI02 (rutile phase) makes parent glass contain calcium, Sr, and Ba, it comes to deposit. The effectiveness of especially 
calcium is remarkable. Therefore, especially the thing that is not made to contain alkaline earth metal other than Mg is desirable. 
[0032] Below, the chemical formula of each crystal phase, a name, a JCPDS card number, and an abbreviated name are shown. 
[0033] 
[Table 1] 
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[0034] The ratio of each component in parent glass is described. Si02 Especially the thing of an amount that it considers as 44 % of 
the weight or more, and is considered as 46 % of the weight or more is desirable. By this, the particle after crystallization makes it 
detailed. Moreover, Si02 By considering as 52 or less (especially preferably 50 or less % of the weight) % of the weight, the melting 
temperature of parent glass can be reduced and devitrification of parent glass cannot take place easily, either 
[0035] By making the amount of MgO into 1 6 % of the weight or more (especially preferably 1 8 % of the weight or more), an 
enstatite phase is obtained and the melting temperature of parent glass can be reduced. By making the amount of MgO into 25 or 
less (especially preferably 22 or less % of the weight) % of the weight, the melting temperature of glass can be reduced and 
devitrification of parent glass can be prevented. 

[0036] aluminum 203 The melting temperature of glass can be reduced by making an amount into 13 % of the weight or more 
(especially preferably 16 % of the weight or more), aluminum 203 By making an amount into 20 or less (especially preferably 19 or 
less % of the weight) % of the weight, an enstatite phase is obtained and the melting temperature of parent glass can be reduced. 
[0037] Ti02 It becomes easy to make the particle after a crystal detailed by making an amount into 10 % of the weight or more 
(especially preferably 1 1 % of the weight or more). Ti02 Devitrification of parent glass can be prevented by making an amount into 
15 or less (especially preferably 13 or less % of the weight) % of the weight. 

[0038] By making the amount of ZnO into a 1-% of the weight top (especially preferably 2 % of the weight or more), the melting 
temperature of parent glass becomes high. By making the amount of ZnO into 8 or less (especially preferably 5 or less % of the 
weight) % of the weight, devitrification of parent glass can be prevented and Vickers hardness can be made high. 
[0039] Next, the arbitration component in parent glass is described. Zr02 The viscosity of glass can be adjusted by adding. Zr02 
Especially the thing of an amount that it considers as 5 or less % of the weight, and is considered as 4 or less % of the weight is 
desirable. It can prevent that the viscosity of parent glass increases too much by this. Zr02 When adding, it is desirable to make 
the amount into 0.5 % of the weight or more. 

[0040] The solubility of parent glass improves by adding Li2 O. By making the amount of Li2 O into 3 or less (especially preferably 2 




or less % of the weight) % of the weight, the crystal grain child after crystallization makes it detailed. When adding Li2 O, it is 
desirable to make the amount into 0.1 % of the weight or more. 

[0041] B-2 03 The solubility of parent glass improves by adding. B-2 03 By making an amount into 3 or less (especially preferably 
2 or less % of the weight) % of the weight, the crystal grain child after crystallization makes it detailed. B-2 03 When adding, it is 
desirable to make the amount into 0.5 % of the weight or more. 

[0042] P2 OS The solubility of parent glass Jmproves^y adding. P2 05 By making an amount into 5 or less (especially preferably 3 
or less % of the weight) % of ■ the .weight, thercrystal grain child after crystallization makes it detailed. P2 05 When adding, it is 
desirable to make the"amount into 0.5 % of the weight or more. 

[0043] Sb 203 It acts as a defoaming agent of glass. Sb 203 An amount has effectiveness sufficient at 2 or less (especially 
preferably 0.2 to 1.5 % of the weight) % of the weight. 

[0044] In case parent glass is manufactured, each raw material containing each above-mentioned metal atom is mixed so that it 
may correspond to the above-mentioned weight ratio, and melting of this mixture is carried out. As this raw material, the oxide of 
each metal atom, a carbonate, a nitrate, a sulfate, and a hydroxide can be illustrated. Moreover, as an ambient atmosphere at the 
time of heat-treating parent glass and making it crystallize, an atmospheric-air ambient atmosphere, reducing atmosphere, a steam 
ambient atmosphere, a pressurization ambient atmosphere, etc. can be chosen. 

[0045] At the process which carries out precision polish processing of the material which consists of the above-mentioned glass 
ceramics with an abrasive grain, it grinds by the well-known precision polish processing approaches, such as the so-called wrapping 
and polishing, and a magnetic-disk substrate can be produced. Moreover, on the principal plane of the magnetic-disk substrate of 
this invention, a surface treatment layer, a magnetic film, a protective coat, etc. can be formed, and lubricant can be further applied 
on a protective coat. 
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EXAMPLE 



[Example] (Creation of parent glass) The compound containing each metal was mixed so that it might become the weight ratio of 
the various metallic oxides shown in Table 2, Table 3, and Table 4. It puts into the crucible made from platinum with a volume of 
200 cc, and at 1430 degrees C, 250g of this mixture was heat-treated for 6 hours, and it carried out melting. After reducing the 
temperature of a furnace at 1300 degrees C and holding it at 1300 degrees C for 1 hour, in the mold made from carbon, it is a sink 
and the melt of glass was fabricated. After annealing this at 700 degrees C for 1 hour, it cooled slowly and the disc-like Plastic 
solid of parent glass was acquired. 

[0047] From the Plastic solid of this parent glass, each tabular sample with 0.85mm [ in 0.85mm in 0.85mm in dimension / of 
15mm / x15mmx thickness and dimension / of 22mm / x22mmx thickness and dimension / of 5mm / x30mmx thickness ] and a 
dimension [ of 10mm ] x45mmx thickness of 1.2mm was started. In addition, each both sides of the tabular sample of thickness 0.85 
(mm) and a thickness 1 .2(mm) tabular sample were finish-machined with the grinding stone of #400. 

[0048] (Measurement of glass transition temperature) From the tabular sample with a dimension [ of 5mm ] x30mmx thickness of 
0.85mm, the test sample with a die length of 20mm was started. With the coefficient-oMJiermal-expansion measuring device 
(product made from Max Science "TD5030"), the coefficient of thermal expansion of a test sample was measured in the range with 
a room temperature of -900 degrees C. In addition, this thermodilatometer is equipped with the function which measurement stops 
automatically when glass surrenders. Temperature to which the thermal-expansion curve of glass deflects was made into glass 
transition temperature (Tg) to temperature. This value is shown in the table 2-table 4. 

[0049] (Manufacture of crystallization glass) Each tabular sample was crystallized in the condition of having inserted into the carbon 
plate with a thickness of 5mm in nitrogen-gas-atmosphere mind. To the nucleation temperature of 720 degrees C, the temperature 
up of the schedule of crystallization was carried out in 300 degrees C /in an hour, and it was held at 720 degrees C for 2 hours, 
carried out the temperature up in 300 degrees C /from 720 degrees C to 1000 degrees C in an hour, was held at 1015 degrees C 
for 4 hours, and was lowered in 200 degrees C /from 1015 degrees C to the room temperature in an hour. 
[0050] (Identification of a crystal phase, count of the percentage of each crystal phase) Using copper K alpha rays, X-ray 
diffractometer CGeiger FREX" by Rigaku: tube voltage of 30kV, 20mA of tube electric currents) was used, and the crystal phase of 
the front face of the dimension 15mmx15mm tabular test sample which crystallization finished was identified. The scan include 
angle was performed at 2th eta=2theta= 15-40 degree at that time. Each detected crystal phase is shown in the table 2-table 4. 
[0051] Consequently, in 1-3, the enstatite phase (-0768: chemical formula MgO-Si02 :JCPDS No. 19 whenever [ angle-of- 
diffraction ] 2 theta= 31.1 degrees) all deposited as a main crystal from the experimental run number 1-1 of the example of a 
comparison besides 1-12 from the example 1-1 of this invention, and this invention, and the MAT phase (2theta=25.9 degree) 
deposited as a subcrystal. Peak intensity I (MAT) of the MAT phase when setting I (MS) to 100 is shown in each table. 
[0052] Moreover, the peak intensity is shown about MAS1, the Ghana Ito phase (Ga), and also other crystal phases. MAS1 is 
2theta=36.0 degree whenever [ angle-of^diffraction ], and the Ghana Ito phase is 2theta=36.8 degree whenever [ angle-of- 
diffraction ]. Other crystal phases were also measured according to the JCPDS card of Table 1. 

[0053] (Measurement of a coefficient of thermal expansion) The dimension 5mmx30mm sample which crystallization finished was 
cut, and the test portion with a die length of 20mm was created. With the coefficient-of-thermal-expansion measuring device 
(product made from a Mac science "TD5000S"). the coefficient of thermal expansion of a test sample was measured in -75 
degrees C - 110 degrees C. The coefficient of thermal expansion to 100 degrees C was calculated on the basis of 25 degrees C. 
This value is shown in the table 2-table 4. 

[0054] (Measurement of Ra in the smooth side after precision polish processing) Using the grinding stone of #700, precision grinding 
processing of the dimension 15mmx15mm tabular sample which identification of a crystal phase finished was carried out until the 
thickness of a sample was set to 0.645mm. Subsequently, using the double-sided polish board, using the high grade zirconium 
dioxide abrasive grain with a particle size of 0.3 micrometers, polish processing was carried out until the thickness of a sample was 
set to 0.635mm. Furthermore, using the colloidal silica abrasive grain with a particle size of 50A, the 2nd step of polish processings 
were performed and the precision polish object with a thickness of 0.635mm was acquired. 

[0055] The center line average surface roughness (Ra) of the front face of a precision polish object was measured in the tapping 
mode of an atomic force microscope (product made from PSI "M5") using the cantilever made from silicon (resonance frequency of 
300kHz). This value is shown in the table 2-table 4. 

[0056] (Microstructure observation) After etching each precision polish object for 10 minutes in a fluoric acid water solution 5%, the 
magnitude of a crystal was observed with the scanning electron microscope. The observed diameter of crystal grain is shown in the 
table 2-table 4. 

[0057] (Young's modulus measurement) Precision polish of the dimension 10mmx45mm tabular sample which crystallization finished 
was carried out in the same procedure as a dimension 15mmx15mm tabular sample. Then, after starting the dimension 4mmx40mm 
test portion and sticking the strain gage on this sample, the four-point bending test was performed on condition that bottom span 
30mm, upper span 10mm, and crosshead speed 0.5 mm/min, and Young's modulus was calculated from the relation between a load 
and a variation rate. 

(Measurement of specific gravity) Specific gravity was calculated from dimension 10mmx45mm the amount of water Nakashige and 
dry weight of a tabular sample which crystallization finished. 
[0058] 
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[0061] The X diffraction chart of the example 1-6 of this invention is shown, the X diffraction chart of the experimental run number 
1-12 in this invention is shown in drawing 2 , and the X diffraction chart of the example 1-2 of a comparison is shown in drawing 1 
at drawing 3 . Also in other experiments, the same X diffraction chart as these has been obtained. 

[0062] Young's modulus is over 125GPa(s) in any example from the example 1-1 of this invention 1-12, and the example 1-2 of a 
comparison and 1-3. This is considered to be the effectiveness which is considering enstatite as the main crystal. 
[0063] Moreover, in the example 1-2 of a comparison. I (MAT) was 32, the diameter of crystal grain was about 0.3 micrometers, and 
the surface roughness after precision polish was 20A. It is Ti02 from this. If an amount increases and the peak intensity of a MAT 
phase becomes large, a crystal will make it detailed. In the example 1-1 of this invention whose peak intensity of a MAT phase is 
45, the surface roughness after precision polish decreased notably to 4A. 

[0064] In 1-8 from an example 1-1, I (MAT) is 44-65, the particle diameter of 0.02-0.08 micrometers is obtained, and the surface 
roughness after precision polish becomes 6A or less. 

[0065] The ceramic organization of the sample of the example 1-6 of this invention is shown in drawing 4 . A detailed particle is 
observed. 

[0066] It sets in the example 1-9 to 1-12. and is Li2 O, B-2 03, and P2 05. Or Zr02 It is made to contain. Also in these examples, 
the glass ceramics whose peak intensity of a MAT phase is 35-70 were obtained by each. As for the peak intensity of a MAT 
phase, 45-65 is much more desirable. 

[0067] In the example 1-1 of a comparison, although I (MAT) was 85. Young's modulus decreased to 115GPa(s) notably. 
[0068] In the example 1-3 of a comparison, since CaO was made to contain, I (MAT) was as small as 15. the crystal was big and 
rough, and the surface roughness after precision polish was 10A. The photograph of the ceramic organization of the sample of the 
example 1-3 of a comparison is shown in drawing 5 . A big and rough particle is observable. 

[0069] (Measurement of Vickers hardness) The micro Vickers hardness meter was used and pushed in about the sample after 
precision polish, and Vickers hardness was measured by ** 1kgf. Consequently, in the example 1-6 of this invention, it was 920, 
was 960 in the example 1-7 of this invention, and was 770 in the example 1-1 of a comparison. 

[0070] (Measurement of specific gravity) In the example 1-4 of this invention, specific gravity was 3.1g/cc. Value E/rho which 
broke Young's modulus E by specific gravity rho was 44. 
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[Brief Description of the Drawings] 

[Drawing 1] The X diffraction chart of the example 1-6 of this invention is shown. 
[Drawing 2] The X diffraction chart of the example 1-12 of this invention is shown. 
[Drawing 3] The X diffraction chart of the example 1-2 of a comparison is shown. * 

[ Drawing 4] It is the scanning electron microscope in which the ceramic organization of the sample of the example 1-6 of this 
invention is shown. 

[ Drawing 5] It is the scanning electron microscope in which the photograph of the ceramic organization of the sample of the 
example 1-3 of a comparison is shown. 
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